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Sea surface temperature

NASA image

Sea surface height

Pacific-wide patterns of Sea Surface Temperature and Sea Level
recent anomalies

Warming trend included

Sea level rise trend not included



Climate anomaly defined

We are interested in departures from “Normal”

Anomaly = Observation – Climatology

For example,
AnomalyDecember 2019 = ObservationDecember 2019 – ClimatologyDecember 1993–2019

That is,
if a month is warmer or higher than normal, the anomaly is positive.



Physical explanation 
for warmer-than-normal central Pacific Ocean

Chiang, J. C. H. and D. J. Vimont, 2004: Analagous meridional modes of atmosphere-ocean variability
in the tropical Pacific and tropical Atlantic. J. Climate, 17 (21), 4143–4158.

Weak trade winds and warm ocean surface
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Air-sea pattern of variability called the 
Pacific Meridional Mode (PMM)
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Warm ocean temperatures and high sea levels are physically related

Sea level Thermal expansion
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Annual cycle and year-to-year variability of Hawaii sea levels
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Honolulu Harbor tide gauge

Average

2019

2017

Local sea level rise
+5 cm since 1993



Honolulu Tide Gauge

December 25, 2019
Highest hourly water 
level since 1905. 

2017
Most hourly record 
highs in any year.

Record high water levels in Hawaii
New product

Record
high & low water levels 
(relative to Mean Higher 
High Water “high tide”)



Impacts of high sea levels and warm ocean temperatures

Opportunity for future outlooks (forecasts) 
of climate anomalies to benefit society

Hawaii News Now

Coastal erosion

Hawaii King Tides Project 

Wave run up

Coral bleaching

Hawaii Public Radio

Strong hurricanes

NASA



Pathway to making a seasonal climate forecast

Observing Modeling

Computer code to solve 
equations of physical 
processes.

Processing

Many simulations 
(ensembles) are 
assessed to calculate 
skill compared to past 
observations and 
statistically adjusted.

Forecast of an El Niño index

NOAA’s Climate Forecast System 

Communicating

Interpretation?

Application?

Uncertainty?

Forecasts start from 
observations.

Computing

NOAA’s weather and 
climate computing 
system can perform >
8 quadrillion (1015) 
calculations per second 
(petaflops).



NOAA Climate Prediction Center’s
Sea Surface Temperature forecast for summer 2020

Warmer than normal 
for Hawaii

Average of most recent 40 forecasts 
with respect to the 1999–2010 hindcast climatology

(°C)



Monthly processing of sea level forecasts 
for tropical Pacific Islands

http://uhslc.soest.hawaii.edu/sea-level-forecasts/

Click for
1)Island 

forecasts 
2)Tide 

predictions
3)Forecast 

discussion

June 2020 forecast of sea level anomalies



Above-normal surface temperatures and sea levels are forecast 
around Hawaii through summer 2020 

Thank you
Matthew Widlansky 

mwidlans@hawaii.edu

6-month 
temperature 

outlook

plus local 
sea level rise

August 2020 sea level outlook

Data from 
NOAA’s Climate Forecast System 

initialized December 2019

+6 cm


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12

